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E-mail address: ute.leonards@bristol.ac.uk (U. LeoVisual face exploration is usually biased to the left half of a presented face. Recent ﬁndings now indicate
that the ﬁrst saccade in face exploration has a strong idiosyncratic component with around 30% of
healthy individuals showing a consistent rightward bias. We investigated in a random sample of 64
right-handed healthy participants whether this rightward bias might relate to individual differences,
i.e. a psychotic-like thinking style (schizotypy). Elevated positive (magical ideation) but not negative
(physical anhedonia) schizotypy scores accounted for a pronounced left-face preference for ﬁrst saccades.
Furthermore, when using magical ideation and physical anheonia to group individuals according to their
median scale scores into four groups (either both scores elevated or low, or mixed with one score ele-
vated, one low), participants with both scores elevated exhibited the most pronounced left-face prefer-
ence and participants with both scores low the least. The same participant groups did not differ with
respect to their side preference in exploring fractals nor for other exploration parameters such as ﬁrst ﬁx-
ation duration, number of saccades or scanpath length. These ﬁndings indicate pronounced right-hemi-
spheric dominance for face exploration in healthy individuals with elevated positive schizotypal thought.
These ﬁndings contrast with expectations from studies with schizophrenic patients, and point to the rel-
evance of individual differences in lateralized face processing.
 2009 Elsevier Ltd. All rights reserved.1. Introduction
Exploratory saccadic eye movements are integral to visual per-
ception. We use them to bring objects of interest onto the fovea,
the central region of the retina which provides us with the high-
resolution images required to read, recognise small objects, or ﬁnd
our favourite brand of chocolate on the shelves in the supermarket.
Where our eyes ﬁxate determines what part of the visual environ-
ment we see in detail. As a consequence, it is the effectiveness of
eye movement control which limits visual processing and subse-
quent action. Visual exploration consists of sequences of saccadic
eye movements, often called visual scan paths, which depend upon
both external factors, such as visual stimulus characteristics, and
internal cognition-related factors, such as attention and memory
(Yarbus, 1967; Zingale & Kowler, 1987).
The ﬁrst saccade seems a good candidate for distinguishing
externally driven from internally driven factors. Initial saccadic
scanning of human faces shows a strong internally driven idiosyn-
cratic direction bias: If a person begins face exploration with a sac-
cade toward the left side of the face for one face image, they are
highly likely to do the same for all other face images; if they beginll rights reserved.
nards).face exploration toward the right, they are highly likely to always
start toward the right (Leonards & Scott-Samuel, 2005). This idio-
syncratic effect is speciﬁc to face perception and is presumably
based on the high familiarity of face exploration in everyday life.
Exploration of less familiar stimuli such as fractals, landscapes or
inverted faces do not show such idiosyncratic direction biases
and are therefore possibly more externally driven, i.e. by stimulus
characteristics (Leonards & Scott-Samuel, 2005).
Idiosyncratic biases in initial face exploration in healthy observ-
ers are related to neither handedness nor eye dominance, and their
neuronal origins remain unknown (Leonards & Scott-Samuel,
2005). Thus, it is still unclear which factors determine the direction
of initial lateralization biases for face exploration in an individual.
The goal of the present study was to make a ﬁrst attempt in iden-
tifying such possible factors, reasoning that inter-subject variabil-
ity might allow better insight into the nature of cortical
processes (Kosslyn et al., 2002) and proﬁting from knowledge
deriving from psychiatric conditions, i.e. schizophrenia in the pres-
ent case (for a critical review on oculomotor abnormalities in
schizophrenia see Hutton & Kennard, 1998; see also Benson, Leo-
nards, Lothian, St. Clair, & Merlo, 2007; De Wilde, Dingemans, &
Linszen, 2007). Psychiatric studies suggest that the direction of
the ﬁrst saccade during visual exploration of faces might be a
behavioural marker for schizophrenia (David, 1993; Manor et al.,
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ple, asked patients with schizophrenia to look at pictures of neutral
faces and judge their pleasantness. While the group of eight pa-
tients with schizophrenia made more ﬁrst saccades to the right
half of the presented face images, the group of nine normal con-
trols made more ﬁrst saccades to the left half of the presented face
images. These data were taken as evidence for right hemisphere
dysfunction in schizophrenia (Phillips & David, 1997). Indeed, left
saccade biases in scanning of faces in normal subjects are thought
to derive primarily from strongly lateralized right hemisphere
involvement in face processing (e.g. Coolican, Eskes, McMullen, &
Lecky, 2008; De Renzi, Perani, Carlesimo, Silveri, & Fazio, 1994),
thus leading to a stronger input of the left visual ﬁeld and, conse-
quently, the left half of a centrally presented face (Butler & Harvey,
2008; Butler et al., 2005; David 1989; Gallois et al., 1989; Mertens,
Siegmund, & Gruesser, 1993; Rhodes 1985a, 1985b). Alternatively,
the left lateralization bias might be the result of an interaction be-
tween right cerebral lateralization for face processing and a well-
trained reading-related directional scanning bias (Heath, Rouhana,
& Ghanem, 2005; Vaid & Singh, 1989). Other researchers have
linked the exploration bias to spatial attention; attention is biased
toward the left hemispace, a function, like face processing, strongly
associated with right hemisphere dominance (for recent reviews
see Kerkhoff, 2001; Urbanski et al., 2007; Vallar, 2007).
From earlier ﬁndings in a far bigger random sample of healthy
controls than the one tested by Phillips and David (Leonards &
Scott-Samuel, 2005: 77 participants as compared to nine), it ap-
pears now that, even if group data of initial face exploration clearly
show leftward biases in healthy subjects, an individual-by-individ-
ual analysis can reveal that lateralization biases towards the right
hemiﬁeld during face exploration are not speciﬁc to patients: in-
deed, more than 30% of the participants randomly taken from the
general population by Leonards and Scott-Samuel initiated face
exploration consistently and reliably to the right side of a face.
One would therefore have to assume that in this ‘right-initiating’
group of participants, the right hemisphere dominance usually ob-
served in face processing should be far less pronounced. If we were
to follow clinical terminology, this would then lead to the assump-
tion that these healthy individuals showed a similar right hemi-
sphere ‘dysfunction’ as claimed for patients (e.g. Williams,
Loughland, Gordon, & Davidson, 1999). Moreover, if right side sac-
cade biases in initial face exploration were a marker for schizo-
phrenia (e.g. Phillips & David, 1994; Phillips & David, 1998), one
would then expect that our healthy participants with right side
exploration biases should share psychological and neuropsycho-
logical features with the patients.
The goal of the present study was therefore to investigate, in
healthy volunteers, whether the initial saccade direction when
exploring neutral faces varies as a function of a thinking style rem-
iniscent of the one reported from patients with schizophrenia,
namely schizotypy. Schizotypy is a mild and non-clinical ‘‘schizo-
phrenia-like” thinking style in healthy populations that varies
widely in the general population, and is commonly assessed by
self-report questionnaires. When assessed in the general popula-
tion, schizotypy reﬂects a personality feature consisting of three
‘‘symptom” dimensions (positive and negative schizotypy, and
cognitive disorganisation) that are qualitatively similar though
quantitatively milder to those reported from patients with schizo-
phrenia (see also Gooding, Matts, & Rollmann, 2006; Kumari, Anto-
nova, & Geyer, 2008; Rawlings, Williams, Haslam, & Claridge,
2008). Positive schizotypy includes mainly unusual experiences
(e.g. magical ideation, hallucinations, superstitious beliefs), nega-
tive schizotypy is reﬂected by a reduced ability to perceive physical
and/or social pleasure (e.g. anhedonia), and cognitive disorganisa-
tion summarizes a trend toward disorganised and overly detailed
thought.Historically, the ‘‘schizotypy” concept was introduced as a ge-
netic diathesis-stress model for schizophrenia (Lenzenweger &
Korﬁne, 1992; Lenzenweger & Loranger, 1989; Meehl, 1962), and
has been applied in research on psychosis-proneness (Chapman,
Chapman, Kwapil, Eckblad, & Zinser, 1994; Gooding, Tallent, &
Matts, 2005; Kwapil, Miller, Zinser, Chapman, & Chapman, 1997).
The notion that schizotypy and overt clinical psychosis are linked
is supported by observations that both pre-selected and randomly
selected schizotypal individuals from the general population reveal
cognitive-attentional (Buchy, Woodward, & Liotti, 2007; Gooding,
Kwapil, & Tallent, 1999; Mohr, Bracha, & Brugger, 2003; Park,
1999; Reed et al., 2008; Sarkin, Dionisio, Hillix, & Granholm,
1998; Steel, Hemsley, & Pickering, 2007), motor-related behav-
ioural (Barnett & Corballis 2002; Mohr, Thut, Landis, & Brugger,
2003) and physiological (Kimble et al., 2000; Klein, Berg, Rock-
stroh, & Andresen, 1999; Pizzagalli et al., 2000; Sumich, Kumari,
Gordon, Tunstall, & Brammer, 2008) peculiarities comparable to
those described for patients with schizophrenia.
Studies testing pre-selected highly scoring schizotypal individ-
uals are frequently interested in the potential clinical relevance
of schizotypy. Here, on the other hand, we are interested in initial
saccade direction as a function of varying schizotypy in a randomly
selected group of participants from the general population, and
thus, a similar group to the one tested by Leonards and Scott-Sam-
uel (2005). To reiterate, neuropsychological ﬁndings from schizo-
phrenia might still be relevant to a randomly selected sample
from the general population, because similarities between schizo-
typy and schizophrenia are not limited to pre-selected highly
schizotypal individuals, but present in random samples of partici-
pants (e.g. Brugger & Graves, 1997; Kalaycioglu, Nalcaci, Budanur,
Genc, & Cicek, 2000; Lenzenweger & O’Driscoll, 2006; Taylor, Zäch,
& Brugger, 2002; but see Smyrnis et al., 2007). Also, eye movement
impairments (speciﬁcally anti-saccade performance and smooth
pursuit) have not only been described in patients diagnosed with
schizotypal personality disorder (Brenner, McDowell, Cadenhead,
& Clementz, 2001; Cadenhead, Light, Geyer, McDowell, & Braff,
2002), but also in individuals from the general population with
higher scores in the Chapman schizotypy questionnaires (Gooding,
1999). Further, increased error rates and response latency variabil-
ity in higher-scoring schizotypal individuals as determined by total
scores (positive and negative schizotypy) in the Schizotypal Per-
sonality Questionnaire (SPQ, Raine, 1991) were described for the
anti-saccade task (Smyrnis et al., 2003; but see Klein, Brugner,
Foerster, Muller, & Schweickhardt, 2000). Also, pre-selected (Good-
ing, Miller, & Kwapil, 2000) and randomly selected (Lenzenweger &
O’Driscoll, 2006) ‘high’ scorers in positive and/or negative schizo-
typy yielded higher rates of saccadic intrusions in smooth pursuit
eye tracking.
Acknowledging the dimensional nature of the neuropsychogical
proﬁle in schizophrenia–schizotypy, and given previous notions
that psychotic-like experiences in the general population are com-
mon (Goulding, 2004; Ohayon, 2000; Verdoux & Van Os, 2002 for
recent accounts), we hypothesised that the previously reported idi-
osyncratic preference for rightward initial saccades in randomly
selected individuals from the general population (Leonards &
Scott-Samuel, 2005) results from individuals with relatively ele-
vated schizotypal features. Accordingly, we recorded the direction
of the ﬁrst saccade when viewing neutral faces in a population
comparable to the one tested by Leonards and Scott-Samuel (i.e.
randomly selected), and also assessed individuals’ schizotypal fea-
tures. Because Phillips and David (1997) tested chronic patients,
who frequently suffer more from negative than positive psychotic
symptoms, we accounted for these two major symptom dimen-
sions by providing the validated, and widely used Magical ideation
(MI) scale (positive schizotypy) by Eckblad and Chapman (1983)
and the Physical anhedonia (PA) scale (negative schizotypy) by
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2000), respectively.
From Phillips and David’s (1997) study, one might expect that
higher scorers on both positive AND negative schizotypy account
for the rightward initial saccade bias in face exploration. Firstly,
negative symptoms seem to be most predictive of negative out-
come in psychosis-prone individuals and are present long before
positive symptoms are experienced by patients (Cornblatt et al.,
2003). Secondly, combining potential risk-factors, rather than
treating them separately, might result in a more realistic model
of ‘pathological’ ﬁndings at the healthy end of the schizophrenia
spectrum (e.g. Schoﬁeld & Claridge, 2007; Suhr & Spitznagel,
2001; Suhr, Spitznagel, & Gunstad, 2006). To account for different
schizotypy combinations and their possible differential effect on
lateralization biases in face exploration, we deﬁned four different
schizotypy groups for analysis: (1) individuals low on both dimen-
sions (loMI-loPA), (2) individuals low in MI and elevated in PA
(loMI-elPA), (3) individuals elevated in MI and low in PA (elMI-
loPA), and (4) individuals elevated on both dimensions (elMI-elPA).
Accordingly, we not only predicted initial saccade direction as a
function of schizotypy scores using correlational approaches (e.g.
hierarchical regression analysis), but also by comparing directional
preferences between schizotypy groups. The latter approach en-
hances comparability with both studies pre-selecting participants
(e.g. Chapman et al., 1994; Gooding, 1999; Klein et al., 1999) and
those creating groups according to median scale scores (e.g. Cla-
ridge, Clark, & Beech, 1992; Mohr, Bracha, et al., 2003; Abraham,
Windmann, Daum, & Güntürkün, 2005).
Accepting the dimensional nature of schizophrenia–schizotypy,
we would then reason that if the right-face bias in healthy controls
(Leonards & Scott-Samuel, 2005) and right-face bias in chronic pa-
tients with schizophrenia described by Phillips and David (1997)
were based on similar neural mechanisms and could be located
at the same side along a schizophrenia continuum, individuals
with elevated schizotypy, in particular in the elMI-elPA group,
should show the strongest preference to direct their ﬁrst saccade
to the right half of a neutral face. Alternatively, following sugges-
tions by Mason and Claridge (1999), it might be that the right bias
varied as a function of positive schizotypy only. On the other hand,
schizotypy (neither positive on its own or both positive and nega-
tive combined) should not account for the variability in ﬁrst sac-
cade direction for less familiar visual material, such as fractals.2. Materials and methods
2.1. Subjects
Sixty-four volunteers (30 females), aged between 17 and
54 years (mean age 26.3 ± 7.4 SD), were included in this experi-
ment. Volunteers were members of staff and Psychology under-
graduate students from the University of Bristol. All volunteers
were right-handed. Right-handedness was determined by the 10-
item Edinburgh handedness inventory (Oldﬁeld, 1971): each
right-hand preference was given a score of ‘1’, each either-hand
preference ‘0.5’, and each left-hand preference ‘0’. We calculated
the mean of the sum of these scores, and deﬁned as right-handed
those participants who scoredP 0.75 (see also e.g. Kita, Condappa,
& Mohr, 2007; Leonards & Scott-Samuel, 2005). All volunteers had
normal or corrected-to-normal vision. Thirty-seven showed right
and 27 left eye dominance as determined with the ‘‘hole in the
card” test. All volunteers were free from medication and had never
been exposed to psychotropic medication. Further, they did not
have any history of neuropsychiatric illnesses or of previous or cur-
rent drug abuse. Volunteers gave their written informed consent in
accordance with the Declaration of Helsinki, and the experimentwas approved by the Ethical Committee of the Department of
Experimental Psychology, University of Bristol.
2.2. Questionnaires
2.2.1. Magical ideation (MI) scale
We assessed participants’ MI with a validated 30-item ques-
tionnaire that includes items such as ‘‘I sometimes have a feeling
of gaining or losing energy when people look at me or touch
me,” (keyed true) or ‘‘Some people can make me aware of them
just by thinking about me” (keyed true). Scores on the MI scale
range from 0 to 30, with higher scores indicating more pronounced
magical thinking. The scale is published in full in Eckblad and
Chapman (1983), and normative data can be found in Garety and
Wessely (1994).
2.2.2. Physical anhedonia (PA) Scale
Participants’ PA was assessed with the original 61-item ques-
tionnaire (Chapman et al., 1976). Illustrative items for this ques-
tionnaire are ‘‘On seeing a soft, thick carpet, I have sometimes
had the impulse to take off my shoes and walk barefoot on it”
(keyed false) and ‘‘Sex is OK but not as much fun as most people
claim it is” (keyed true). Scores on the PA scale range from 0 to
60, with higher scores indicating more pronounced PA. The scale
is published in full in Chapman et al. (1976) and normative values
of an American student sample are found in Chapman, Edell, and
Chapman (1980).
2.3. Experimental procedure
Participants were asked to look at a series of 20 neutral grey-
scale face images and 20 coloured images of fractals (see Fig. 1
and Leonards & Scott-Samuel, 2005, for examples of stimuli), pre-
sented on a computer-controlled 1800 LCD-monitor for ﬁve seconds
per image (viewing distance: 57 cm) in two separate blocks, coun-
terbalanced between participants. Face images were taken from
the set of Natale, Gur, and Gur (1983) and consisted of 10 male
and 10 female faces. An oval background mask covered hairstyle
and other non-face related image parts. Face-mask diameters sub-
tended a visual angle of 9  13 for width and height, respectively.
Fractals were taken from Parkhurst, Law, and Niebur (2002), and
subtended a visual angle of 25  16 for width and height, respec-
tively. To encourage thorough examination of the images, partici-
pants were informed at the beginning of the experiments that
they would have to answer some questions about the images later.
To ensure that all participants had the same scan starting point at
image onset, participants ﬁxated a central, marked point between
each image presentation. Each ﬁve seconds image presentation
was followed by at least one second of empty screen before the
appearance of the next central ﬁxation circle.
The two-dimensional eye movements of both eyes were mea-
sured with the Eyelink II (SR Research Ltd.). Each experimental ses-
sion was preceded by a nine-point grid calibration and validation.
Between trials, the ﬁxation circle reappeared to correct for drift
due to head movements. Eye movements were recorded at a sam-
pling rate of 500 Hz and a spatial resolution typically less than 0.3
of visual angle. After all eye movement data had been recorded,
participants ﬁlled in the schizotypy questionnaires. The entire
experiment, including ﬁlling-in of the questionnaires, took about
40 min per participant.
2.4. Data analysis
2.4.1. Eye movement data
Only data from each participant’s dominant eye were analysed,
which corresponded for most participants to the eye with the best
Fig. 1. Stimulus examples for faces and fractals (see Leonards & Scott-Samuel, 2005, for further examples). The two sets of stimuli were presented in pseudorandom order: 20
greyscale faces (10 females and 10 male faces) and 20 fractals.
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data were analysed off-line by an automatic saccade detection pro-
cedure. A change in eye-position with a minimum velocity of 30/s
or minimal acceleration threshold of 8000/s2 deﬁned the onset of
a saccade. Saccade criteria were identical to the ones used by Leo-
nards and Scott-Samuel (2005): saccades were considered to be in
the direction of the left or right visual hemiﬁeld (LVF, RVF) when
their amplitude in that direction was larger than 0.5; trials were
rejected if the initial ﬁxation location at the start of the trials
was not within 0.5 of the centre of the ﬁxation point - this crite-
rion was imposed to ensure that off-centre ﬁxation did not in itself
bias saccades to the left or right hemiﬁeld. In addition, trials with
initial ﬁxation durations of less than 80 ms were excluded to avoid
biases induced by anticipation. Accordingly, we retained 94.4%
(±6.58% SD) valid trials for further analysis in the case of face stim-
uli and 92.7% (±7.3% SD) in the case of fractal stimuli.
The extent to which participants’ initial saccades were pre-pro-
grammed towards the LVF or RVF was assessed with a lateralization
index I: the direction of the ﬁrst saccade per image type was calcu-
lated for each participant as I = (R  L)/(R + L), where R is the num-
ber of rightward initial saccades, and L the number of leftward
initial saccades. Thus, positive values indicate a rightward prefer-
ence and negative values a leftward preference (see also Leonards
& Scott-Samuel, 2005).
2.4.2. Schizotypy
Even though a correlation between MI scores and PA scores
might have been expected from earlier studies (e.g. Eckblad &
Chapman, 1983; but see Mohr & Leonards, 2005), no correlationwas observed in this study sample (R = 0.054; p = 0.67). MI scores
ranged from 0 to 22 with a mean of 7.8 (±5.1 SD) and lower/upper
quartiles of 4 and 12, respectively. PA scores ranged from 3 to 28
with a mean of 13.6 (±6.8 SD) and lower/upper quartiles of 7.5
and 19, respectively.
For the group comparisons (see end of Introduction), a median
split procedure for each schizotypy scale was applied. Thus, indi-
viduals scoring above the median (MI = 7; PA = 13) belonged to
the elevated MI and PA group respectively, and those scoring be-
low the median belonged to the low MI and PA group, respectively.
Because of uncertainty as to which group subjects with median
scale scores of PA and/or MI (n = 6) should be allocated, we ex-
cluded these six participants from the group analysis (but not
the remaining analysis, see below) leaving us with: (1) 14 individ-
uals scoring low on both dimensions (loMI-loPA), (2) 15 individu-
als scoring low on MI and elevated on PA (loMI-elPA), (3) 13
individuals with elevated scores on MI and low scores on PA
(elMI-loPA), and (4) 16 individuals with relative elevated scores
on both dimensions (elMI-elPA). Eye dominance was equally dis-
tributed across the different schizotypy groups, as was gender.
Moreover, no differences were found in the amount of valid trials
contributing to analyses across different schizotypy groups.3. Results
In line with earlier ﬁndings by Leonards and Scott-Samuel
(2005), for an independent samplemost participants had a clear idi-
osyncratic preference towards one or the other visual hemiﬁeld as
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faces (Fig. 2A, left column): about 53% of the participants showed
a leftward bias and 36% a rightward bias (lateralization biases with
values between 0.2 and +0.2 were taken as non-lateralized as in
Leonards and Scott-Samuel). The median lateralization index over
the entire group (n = 64) was0.35, conﬁrming the often described
leftward bias for the initial saccade in face exploration in the general
population (e.g. Butler & Harvey, 2008; Butler et al., 2005; Gallois
et al., 1989;Mertens et al., 1993; Phillips & David, 1997). For fractals
the distribution for the initial exploratory saccade wasmore Gauss-
ian, indicating more random behaviour (Fig. 2A, right column), and
again conﬁrming earlier observations (Leonards & Scott-Samuel,
2005). Nevertheless, face and fractal lateralization biases correlated
with each other as expressed in a signiﬁcant Pearson-product corre-
lation coefﬁcient (r) of 0.34 (n = 64; p < 0.005).
Fig. 2B and C show the lateralization biases for participants with
elevated positive schizotypy (elMI) and participants with elevated
negative schizotypy (elPA), respectively, for faces (left column) and
fractals (right column). Note that the bin width used in Fig. 2 is for
visualisation purposes only and corresponds to the one used earlier
(Leonards & Scott-Samuel, 2005).
Separate Pearson product-moment correlations of lateralization
biases for face exploration with raw scores for positive and nega-Fig. 2. Direction preferences for the ﬁrst saccade toward the left or right visual ﬁeld (gre
(MI scores >7), (C) participants with elevated negative schizotypy scores (PA scores >1
negative numbers indicating a preference towards the left visual ﬁeld (L), and positive nu
number of participants with a given value of I is plotted. The white bars in (B) and (C) stive schizotypy, respectively, revealed a signiﬁcant correlation
coefﬁcient of leftward biases with positive schizotypy scores
(n = 64; r = 0.259; p = 0.038), but not negative ones (n = 64;
r = 0.148; p = 0.24). Informed by these correlations, we then sub-
jected our data to a hierarchical multiple regression analysis with
lateralization bias as dependent variable and MI scores entered
as ﬁrst, PA scores as second step, and the interaction between
the two schizotypy scores as third step (Table 1 upper panel). For
faces, positive schizotypy scores explained about 7% of variability
in lateralization biases (signiﬁcant), while negative schizotypy ac-
counted for less than 2% of the variability and the interaction for
only 0.2% (both non-signiﬁcant).
No signiﬁcant correlation coefﬁcients were found for fractals as
shown by separate Pearson product-moment correlations (for
n = 64 MI: r = 0.007, p = 0.959; PA: r = 0.013; p = 0.919), and con-
ﬁrmed by hierarchical multiple regression (Table 1 lower panel).
Following Phillips and David’s (1997) logic that the direction of
initiation of saccades is a sign of inattention/neglect to the contra-
lateral visual hemiﬁeld (see also Liouta, Smith, & Mohr, 2008 for
comparable assumptions for walking initiation), it seems impor-
tant to control that it is the direction of lateralization (left versus
right) per se and not the strength of lateralization that is linked
to positive (or negative) schizotypy in face exploration. We there-y bars): (A) all participants (n = 64), (B) participants with elevated schizotypy scores
3). On the abscissa, the lateralization index I (see text for details) is plotted, with
mbers indicating a preference towards the right visual ﬁeld (R). On the ordinate, the
erve as reference points for the entire group (n = 64).
Table 1
Hierarchical multiple regression for lateralization bias versus schizotypy.
Faces B SE B b
Step 1
Constant 0.23 0.09
MI 0.04 0.02 0.26*
Step 2
Constant 0.23 0.09
MI 0.04 0.02 0.25*
PA 0.01 0.01 0.14
Step 3
Constant 0.23 0.09
MI 0.03 0.02 0.24
PA 0.01 0.01 0.14
Interaction MI  PA 0.00 0.00 0.05
Fractals B SE B b
Step 1
Constant 0.13 0.09
MI 0.00 0.01 0.01
Step 2
Constant 0.13 0.14
MI 0.00 0.01 0.01
PA 0.00 0.01 0.01
Step 3
Constant 0.13 0.05
MI 0.00 0.01 0.01
PA 0.00 0.01 0.01
Interaction MI  PA 0.00 0.00 0.00
Note: R2 = 0.07 for Step 1 (p < 0.05); DR2 = 0.02 for Step 2 (p n.s.); DR2 = 0.00 for Step
3 (p n.s.).
Note: R2 = 0.01 for Step 1; DR2 = 0.00 for Step 2; DR2 = 0.00 for Step 3 (ps n.s.).
* <0.05.
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of bias for faces (N = 35 with left bias and N = 22 with right bias,
excluding 7 subjects with weak biases between 0.2 and 0.2, see
also Leonards & Scott-Samuel, 2005) and tested whether the two
groups differed in terms of positive and negative schizotypy scores.
In other words, this time we used lateralization direction as inde-
pendent variable and schizotypy scores as continuous dependent
variables. Mann–Whitney U tests revealed that the group with left-
ward lateralization bias tended to have higher MI scores than the
group with rightward lateralization bias (median MI score left 9
with a 25% to 75% range between 4 and 13, and median MI
score right 6 with a 25% to 75% range between 3 and 9; Mann–Whit-
ney U test: U = 272.5; z = 1.85; p = 0.06; r = 0.25). No such trend
was found for PA scores (median PA score left 14 with a 25% toFig. 3. Box plots (median, 95% conﬁdence intervals) of the lateralization index for the fou
index I is plotted, with negative numbers indicating a preference towards the left visual
(R). On the ordinate, schizotypy groups are plotted: lo = low, el = elevated, PA = physical a
or MI = 7, corresponding to the median scores, were excluded from this analysis (n = 6).75% range between 7 and 20, and median PA score right 11 with a
25% to 75% range between 8 and 16; Mann–Whitney U test:
U = 318; z = 1.01; p n.s; r = 0.13).
In a ﬁnal step, and to facilitate comparability between studies
(see Introduction), we compared lateralization indices of ﬁrst sac-
cades between the four schizotypy groups: In Fig. 3, individual data
are plotted along with schizotypy groupmedian lateralization indi-
ces as well as 95% conﬁdence intervals for both faces (Fig. 3 left col-
umn) and fractals (Fig. 3 right column): Most participants of group
elMI-elPA cluster at negative lateralization indices for face explora-
tion, indicating a strong left bias. Group members of the loMI-loPA
schizotypy group, in contrast, have a far broader distribution in
their lateralization biases for faces. Non-parametric tests (Mann–
Whitney U test) were used to compare lateralization biases be-
tween schizotypy groups: participants with elevated scores in both
MI and PA showed signiﬁcantly stronger left lateralization biases
for faces than participants scoring low in both MI and PA (median
lateralization index elMI-elPA 0.83; 25–75% range: 1.0 to 0.36;
and median lateralization index loMI-loPA 0.5; 25–75% range: -0.8
to +0.8; Mann–Whitney U test: U = 57.7; z = 2.27; p = 0.023;
r = 0.41) and participants with low Mi scores and elevated PA
scores (median lateralization indexloMI-elPA 0.0; 25–75% range:
0.89 to 0.41; Mann–Whitney U test: U = 66; z = 2.13; p = 0.033;
r = 0.38). None of the other group comparisons for face exploration
showed signiﬁcant differences in lateralization, nor were any of the
comparisons for fractals signiﬁcant.
To control whether the left-face bias for face exploration ob-
served in participants with elevated MI scores was restricted to
the initial saccade as expected from patient studies (Phillips & Da-
vid, 1997), or whether it persisted over the entire scan path, we
calculated the left/right ﬁxation proportions for entire scan paths
per image averaged for each participant. Percentage scores over
50% would indicate a general left bias. Comparing these percentage
scores across schizotypy groups should allow us to identify general
signs of possible leftward biases within face images as had been
described earlier (e.g. Butler et al., 2005). Given that we had found
differences for initial saccade biases for positive schizotypy only,
we restricted our analysis on entire scan path saccade biases to
two schizotypy groups: elevated MI and low MI, respectively.
Mean percentages for these two groups were: 48.72% ± 2.9 SEM
for participants with low MI and 52.7% ± 2.3 SEM for participants
with elevated MI. Non-signiﬁcant Mann–Whitney U test compari-
sons for between-group left/right ﬁxation proportions showed that
there were no signs for left-face biases over the entire face explo-
ration pattern in the two schizotypy groups (p = 0.38). Similarly, no
signiﬁcant bias was observed for fractals for the two schizotypyr schizotypy groups (n = 58) for faces and fractals. On the abscissa, the lateralization
ﬁeld (L), and positive numbers indicating a preference towards the right visual ﬁeld
nhedonia, MI = magical ideation. Participants with schizotypy scores of PA = 13 and/
Table 2
Classic scan path parameters (means ± 1SD) for the four schizotypy groups (total n = 58). MI, magical ideation; PA, physical anhedonia; lo, low; el, elevated.
Schizotypy Groups Time to initiate 1st saccade (ms) Number of saccades Mean ﬁxation duration (ms) Scanpath length () Mean saccade amplitude ()
Faces
loMI-loPA 231 ± 11 12.99 ± 0.58 359 ± 18 48.57 ± 3.84 3.75 ± 0.26
loMI-elPA 265 ± 22 13.91 ± 0.49 335 ± 15 47.88 ± 3.87 3.48 ± 0.25
elMI-loPA 240 ± 17 14.42 ± 0.69 325 ± 20 49.25 ± 4.55 3.40 ± 0.23
elMI-elPA 255 ± 13 14.07 ± 0.52 326 ± 15 47.97 ± 5.15 3.41 ± 0.33
ANOVAs F(3,54) = 0.84 F(3,54) = 1.10 F(3,54) = 0.86 F(3,54) = 0.02 F(3,54) = 0.80
p n.s. p n.s. p n.s. p n.s. p n.s.
Fractals
loMI-loPA 311 ± 22 14.42 ± 0.42 303 ± 9 81.6 ± 5.5 5.63 ± 0.30
loMI-elPA 314 ± 29 15.49 ± 0.53 285 ± 11 83.7 ± 8.3 5.38 ± 0.27
elMI-loPA 298 ± 20 15.19 ± 0.79 296 ± 26 86.77 ± 7.5 5.60 ± 0.38
elMI-elPA 306 ± 25 14.68 ± 0.56 304 ± 16 77.93 ± 5.3 5.27 ± 0.27
ANOVAs F(3,54) = 0.08 F(3,54) = 0.68 F(3,54) = 0.29 F(3,54) = 1.14 F(3,54) = 0.33
p n.s. p n.s. p n.s. p n.s. p n.s.
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52.4% ± 1.6 SEM for participants with elevated MI; p = 0.42).
Finally, to allow comparability of our more general eye move-
ment parameters with the literature, the nature of the entire visual
scan paths was described for every participant with the following
parameters: mean ﬁrst ﬁxation duration (in ms), mean number
of saccades per image, mean saccade amplitude (in ) and mean
scan path length (in ) per image. Table 2 contains group means
for each of these parameters for the four schizotypy groups for face
exploration (upper section) and fractal exploration (lower section).
None of these parameters differed between-groups as conﬁrmed
by non-signiﬁcant ANOVAs with schizotypy group as independent
variable.
4. Discussion
To gain further insight into which factors determine the right-
ward direction of initial saccades for face exploration in an individ-
ual (Leonards & Scott-Samuel, 2005), we examined lateralized
visual exploration patterns in response to neutral face images
and fractals in a random sample of healthy right-handed partici-
pants varying in their degree of positive and negative schizotypy.
General exploration parameters such as ﬁrst ﬁxation duration,
number of saccades, mean saccade amplitude and scan path length
per image category (faces, fractals) were unrelated to individuals’
schizotypy scores (see also Williams, Loughland, Green, Harris, &
Gordon, 2003 for similar ﬁndings in patients on atypical anti-psy-
chotic medication; de Wilde et al., 2007). Importantly, the direc-
tion of the initial saccade for face exploration depended on
positive, but not negative, schizotypy: elevated MI scores associ-
ated with an enhanced leftward bias when compared to lower MI
scores. This effect was speciﬁc for faces, as the same participants
did not show similar biases for the exploration of fractals, support-
ing earlier suggestions that these biases were not related to the
processing of visuospatial attention (Leonards & Scott-Samuel,
2005). The observed face bias effect to the left was in the opposite
direction to the hypothesised rightward direction based on the
clinical ﬁndings of Phillips and David (1997, see also Mason & Cla-
ridge, 1999), and the assumption of a continuum along the schizo-
phrenia spectrum (e.g. Goulding, 2004; Lenzenweger & O’Driscoll,
2006; Rawlings et al., 2008). According to Phillip and David’s ﬁnd-
ings, one would have expected that individuals high in schizotypy
were those with a rightward bias in initial saccade exploration for
faces.
The present ﬁndings, however, would indicate that positive
schizotypy associates with an enhanced leftward bias, and by
inference with an enhanced right hemisphere dominance for face
exploration. We conclude this by assuming that initial saccadebiases reﬂect internally driven preferences which are speciﬁc to
faces but not unfamiliar fractals, and thus possibly hard-wired
hemispheric processing preferences for face stimuli (Leonards &
Scott-Samuel, 2005). Accordingly, the present ﬁndings would sup-
port independent notions that enhanced positive schizotypy might
associate with attenuated left (rather than right) hemisphere dom-
inant functions resulting in callosal-mediated ‘disinhibited’ right
hemisphere functioning (e.g. Brugger & Graves, 1997; Luh & Good-
ing, 1999; Mohr, Bracha, et al., 2003; Taylor et al., 2002; Weinstein
& Graves, 2002). Acknowledging earlier suggestions of a link be-
tween psychosis and left hemisphere impairments (Flor-Henry,
1969) and of a schizophrenia spectrum dimension (e.g. Gooding
et al., 2006; Kumari et al., 2008; Rawlings et al., 2008; Van Os &
Verdoux, 2003), analogue hemispheric alterations have been re-
ported for patient populations neuropsychologically (e.g. Crow,
2000; Li et al., 2007; Sommer, Ramsey, & Kahn, 2001; Sommer,
Ramsey, Mandl, & Kahn, 2003; Weiss et al., 2006) and anatomically
(e.g. Kawasaki et al., 2008).
If lateralised cortical processing differs per se between low and
high positive schizotypy, one might then wonder why we did not
also ﬁnd lateralization differences for fractals. Apart from stimu-
lus-related processing, different lateralization biases could have
been expected to derive from lateralised processing in the oculo-
motor network involved in saccade programming. Indeed, other
eye movement tasks such as a cued saccade task (Larrison, Ferran-
te, Briand, & Sereno, 2000) and smooth pursuit eye movements
(Kelley & Bakan, 1999) suggested left hemisphere dysfunction in
high schizotypal individuals within the oculomotor system. By
inference, we should have found a stronger rightward saccade lat-
eralization bias in these individuals. However, different aspects of
occulomotor elaboration, especially for saccades, are thought to in-
volve different hemispheres: decision and preparation the left and
execution the right hemisphere (Khonsari et al., 2007). Depending
on the exact involvement of each of these aspects within a task,
different lateralization outcomes might thus be expected. It there-
fore does not come as a surprise that most eye movement studies,
despite ﬁnding differences in general performance between high
and low positive schizotypy, did not report lateralization differ-
ences (e.g. Gooding, 1999; Gooding et al., 2000; O’Driscoll et al.,
1998; Smyrnis et al., 2003; Smyrnis et al., 2007), even if speciﬁcally
designed to look for such differences (Raine & Manders, 1988).
Lastly, any oculomotor processing biases might have been masked
by the use of fractals as stimuli: non-familiar and complex stimu-
lus categories such as the fractals presented here are possibly more
driven by salient parts in the respective images and thus external
factors, adding more noise to individual exploration patterns than
saccades toward simple targets or to familiar images such as faces.
As a consequence, fractals might be far less sensitive to revealing
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interpretation are the results by Manor, Gordon, and Touyz (1995)
who presented a complex geometric ﬁgure, the Rey ﬁgure, for free
visual exploration and measured among other eye movement
parameters their healthy participants’ ﬁrst ﬁxations. Almost all
participants ﬁrst ﬁxated the circle with three dots. This feature is
presumably initially scanned because of its highest salience due
to its resemblance to an idealized face, or alternatively, due to
the fact that it contains the only rounded parts in an otherwise lin-
ear, highly geometric line drawing.
If we assume that the difference between the lateralization bias
for ﬁrst saccades in face exploration between low and elevated po-
sitive schizotypy was due to cortical lateralization differences in
face processing, the question emerges as to why Phillips and David
(1997) have found an opposite preference in initial saccade explo-
ration for faces in their patient population.
One conjecture to explain these seemingly opposite ﬁndings
would refer to the low degree of positive symptoms (Andreason,
1984) in the patients of Phillips and David (1997), despite all pa-
tients being diagnosed with paranoid schizophrenia. The patients’
positive symptoms (and associated brain functioning) might have
been comparable to the one of our participants with low MI (a psy-
chiatric equivalent to positive symptoms). As displayed in Fig. 3,
more of our low than elevated MI participants showed a rightward
bias for the ﬁrst saccade similar to Phillips and David’s patients.
This argumentation points to potential similarities in symptom-
behaviour relationships in the current study and the one of Phillips
and David, i.e. individuals with low positive psychotic(-like) symp-
toms yield a rightward bias for the ﬁrst saccade. Yet, this argumen-
tation does neither explain this rightward bias (it would point to a
right-hemisphere ‘‘impairment” in either group), nor the pro-
nounced leftward bias in the elevated MI participants.
Other conjectures to explain the present discrepancy focus on
the medication status and/or duration of illness of patients, differ-
ences in the task given to participants, and even possible differ-
ences due to schizotypy questionnaires. Medication and/or
duration of illness in Philip and David’s (1997) patients might re-
late to the differences in study results: Left-sided biases were re-
ported from non-medicated, acute psychotic patients with
schizophrenia for whole-body turns (Bracha, 1987; Bracha, Living-
ston, Clothier, Linington, & Karson, 1993), and tactile line bisec-
tions (Harvey, Nelson, Haller, & Early, 1993), while lateralization
biases were absent or even reversed for medicated patients as well
as for those in the chronic stage of the disease (Levine, Martine,
Feraro, Kimhi, & Bracha, 1997; Maruff, Hay, Malone, & Currie,
1995; McCourt, Shpaner, Javitt, & Foxe, 2008; Purdon & Flor-Henry,
2000; Strauss, Alphs, & Boekamp, 1992; Tomer & Flor-Henry,
1989). Here it would be interesting for future studies to investigate
whether a correlation between duration of illness and the degree of
rightward bias exists in face exploration.
With respect to task differences, our paradigm required individ-
uals to simply visually explore the faces. We only gave them the
additional but unspeciﬁc information that questions would be
asked about the stimuli afterwards. In contrast, Philips and David
asked for a pleasantness judgement after each picture presenta-
tion. Previous studies showed that different instructions (e.g.
Schyns, Bonnar, & Gosselin, 2002; Shen, Elahipanah, & Reingold,
2007; Tonoya, Matsui, Kurachi, Kurokawa, & Sumiyoshi, 2002)
and goals (Hahn & Grolund, 2007) can modulate visual scan pat-
terns during face exploration. While we cannot exclude task and
stimulus differences as explanation for the present discrepancies,
they seem unlikely when considering results from two previous
emotional chimaeric face tasks (Luh & Gooding, 1999; Mason &
Claridge, 1999). In both studies, left-face biases of emotional
chimaeras were analysed as a function of individuals’ schizotypal
features: Mason and Claridge (1999) found a decreased leftwardpreference as a function of positive schizotypy, in line with Philips
and David’s study, while Luh and Gooding (1999) found an in-
creased leftward preference as a function of positive schizotypy,
in line with our study. Moreover, Luh and Gooding asked the same
individuals to perform gender decisions on male–female chima-
eras, and replicated the signiﬁcant leftward bias as a function of
positive schizotypy. Differences between these studies as well as
between the former and our study might well be due to the schizo-
typy questionnaires used. Liouta and colleagues (2008) summa-
rised that left-sided biases as a function of positive schizotypy
are more frequently observed when the Chapman scales are used
(see also present study), and right-sided biases as a function of po-
sitive schizotypy are more frequently observed when the O-life
questionnaire is used (e.g. Mason & Claridge, 1999). While this
argument does not provide any causal explanation, it highlights
the problems of identifying positive schizotypy as one consistent
concept.
A ﬁnal observation that needs to be discussed is that, in contrast
to positive schizotypy, negative schizotypy seems unrelated to lat-
eralized facial processing biases. This observation is in line with
previous studies using either the Chapman scales (Luh & Gooding,
1999) or the O-life scale (Mason & Claridge, 1999). It is also in
accordance with studies testing the implication of different symp-
tom dimensions along the schizophrenia spectrum on behavioural
measures such as side preferences in whole-body movement tasks
(Bracha, 1987; Bracha et al., 1993; Liouta et al., 2008), hemispheric
dominance pattern for language (e.g. Sommer et al., 2001; Weiss
et al., 2006), and even eye movements (Holahan & O’Driscoll,
2005). Negative symptoms along the schizophrenia spectrum
seems thus to be unrelated to those behavioural and cognitive
impairments in schizophrenia that have been related to callosal
dysfunctions (e.g. Barnett, Kirk, & Corballis, 2007; Florio, Marzi,
Girelli, & Savazzi, 2008; McCourt et al., 2008; Newlin, Carpenter,
& Golden, 1981; Volpe et al., 2008). In addition, the combination
of elevated positive and elevated negative schizotypal features
does not aggravate differences in lateralized biases between higher
and low scoring individuals on schizotypy questionnaires. This was
originally expected under the assumption that combining potential
risk-factors might result in a more realistic model of ‘‘pathological”
ﬁndings at the healthy end of the schizophrenia spectrum (e.g.
Schoﬁeld & Claridge, 2007; Suhr & Spitznagel, 2001; Suhr et al.,
2006).
In conclusion, positive schizotypy has been found to correlate
with idiosyncratic lateralization preferences in the ﬁrst saccade
direction in face exploration, accounting for 7% of inter-individual
variability: the higher the positive schizotypy, the more likely a
leftward bias. These data (a) give new insights into the origins of
individual differences in lateralization biases in face exploration
in the healthy population and (b) provide further evidence for
the idea that elevated positive schizotypy might be related to rel-
ative increased right hemisphere functioning. The question re-
mains which other factors might account for the remaining 93%
of inter-individual variability in lateralization. The most likely fac-
tor to account for large amounts of variability is hemispheric dom-
inance per se, potentially explained through developmental factors
(see Leonards & Scott-Samuel, 2005 in more detail). Other indepen-
dent or complementary factors might include different personality
traits (such as novelty seeking, Tomer, 2008), levels of alertness
(Manly, Dobler, Dodds, & George, 2005), or musical training (Pat-
ston, Corballis, Hogg, & Tippett, 2006) to name but a few. Only fu-
ture experiments can eludicate whether some of these factors act
together or independently on intrinsic side preferences likely to
explain the present side preferences during visual face exploration.
What we feel safe to suggest is that individual differences such as
schizotypy are important when aiming to understand variation in
lateralized behaviour, and face processing in particular.
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